Introduction {#S0001}
============

Lung cancer is the leading cause of cancer-related deaths and the most commonly diagnosed cancer worldwide,[@CIT0001]--[@CIT0003] while most patients were advanced disease when diagnosed and lost the chance to cure. Early diagnoses are crucial to improve survival of lung cancer. Recently, low dose CT screening for high-risk individuals is effective for the early diagnoses of lung cancer and has been recommended by several guidelines.[@CIT0004] How to define the high-risk patients is differred in several clinical trials. Smoking and occupational exposures are related to lung cancer while heritable factors may also play an important role during the lung cancer occurs. Studying the familial aggregation not only including lung cancer but also with other malignancies can provide information on cancer risk assessment in course of clinical genetic counseling and figure out hints of tumor etiology to improve overall survival.

The familial clustering of different type of cancers has frequently been observed in previous studies, implying that cancers might be regarded as hereditary diseases with multiple phenotypes and shared genetic factors.[@CIT0005]--[@CIT0008] However, these conclusions were drawn from population-based studies which might cause various confounding factors and higher over-reporting rate.[@CIT0009] We performed a large-scale clinic-based study to assess and calculate lung cancer risks among individuals with family histories of lung cancer and other malignancies.

Patients and methods {#S0002}
====================

The study protocol and informed consents were approved by the Clinical Ethics Committee of Guangdong General Hospital and the institutional review board. The study was conducted in accordance with the Declaration of Helsinki. All participants were enrolled after signing the informed consents.

Patients {#S0002-S2001}
--------

Probands were defined as the patients diagnosed with lung cancer in Guangdong General Hospital between October 2009 and August 2012. First-degree relatives (FDRs) and spouses of the probands were defined as case group and control group respectively. Spouses and their FDRs were excluded if spouses had ever been diagnosed with malignant tumors, divorced from probands or death for more than three years. Offspring of probands and spouses were ruled out for the considering that they acted as common relatives to both groups.

Probands and their spouses were interviewed by the same investigator with a unified and standardized lifestyle questionnaire applied to collect detailed information on age, gender, geographic and socioeconomic characteristics, languages, smoking status, histories of diseases, occupational exposures, pathological diagnoses and TNM stage of lung cancer. To minimize potential recall bias, probands and spouses were asked to make verification on telephone when confronted with uncertain answers.

Statistical analysis {#S0002-S2002}
--------------------

The statistical software package, Statistical Program for Social Sciences (SPSS, SPSS Inc., Chcago, IL, USA) 17.0, was applied to analyze collected data. Demographic characteristics in both groups were compared and balanced via descriptive statistical analyses. Then a multiple logistic regression was performed to evaluate the magnitude of increased risks of lung cancer among patients with family histories of lung cancer or other malignancies. Odds ratios (ORs) and 95% confidence intervals (95% CIs) were calculated for statistically significant predictors. When familial aggregation of different types of cancers co-existed, stratification analyses were performed by gender and age respectively. All tests were two-sided and *P*-values less than 0.05 were considered statistically significant. Qualitative variables were tested with chi-square or Fisher Exact test for independence.

Results {#S0003}
=======

After screening, more than 1300 individuals from 25 provinces of China, 726 probands pedigrees and 647 spouse pedigrees were enrolled. The epidemiologic characteristics of both groups are listed in [Table 1](#T0001){ref-type="table"}. There are more young objects (\<50 years old) in the control group (*p*=0.041) and more male objects in case group (*p*\<0.001). In the case group smoker, history of pulmonary diseases and living environment were more prevalent than the control group. Family sizes involved in both groups were balanced in the FDRs (*p*=0.054) and siblings (*p*=0.491) ([Table 2](#T0002){ref-type="table"}). We aim to quantize the magnitude of high risks related to family histories of lung cancer.Table 1Epidemiologic characteristics of the two groupsCharacteristicsCase Group\
N(%)Control Group\
N(%)*P*-valueAge (years) \<50143(19.7)157(24.3)0.041 ≥50583(80.3)490(75.7)Gender Male474(65.3)214(33.1)\<0.001 Female252(34.7)433(66.9)Smoking index 0318(43.8)509(78.7) \<40067(9.2)66(10.2) ≥400341 (47.0)72(11.1)\<0.001History of pulmonary diseases No627(86.4)631(97.5) Yes99(13.6)16(2.5)\<0.001Living environment No592(81.5)544(84.1) Yes134(18.5)103(15.9)0.214Occupational exposure No543(74.8)555(85.8) Yes183(25.2)92(14.2)\<0.001 Table 2Comparison of numbers in pedigreesVariablesCase Group\
N(%)Control Group\
N(%)*p*-valueNumber of FDRs 230(4.1)35(5.4)0.054 381(11.2)67(10.4) 4119(16.4)102(15.8) 5130(17.9)123(19) 6144(19.8)111(17.2) 798(13.5)105(16.2) 869(9.5)66(10.2) 933(4.5)25(3.9) 1016(2.2)10(1.5) 114(0.6)3(0.5) 132(0.3)0(0)Numbers of siblings 030(4.1)35(5.4)0.491 181(11.2)67(10.4) 2119(16.4)102(15.8) 3130(17.9)123(19) 4144(19.8)111(17.2) 598(13.5)105(16.2) 669(9.5)66(10.2)[^2]

Lung cancer risks of the individual whose FDRs with any cancers {#S0003-S2001}
---------------------------------------------------------------

Although there was a larger proportion of relatives with any cancers in case group than control group (32.4% *vs* 21.9%, *p*\<0.001) ([Table 3](#T0003){ref-type="table"}), risk of the any cancer of the probands in case group was higher than the control group (OR 1.70, 95% CI 1.34--2.17, *p*\<0.001). Further analyses illustrated that the degree of elevated risks of any cancers was associated with the number of FDRs with cancers. For example, the OR of the risks of cancer was 1.47 (OR 1.47, 95%CI 1.13--1.91, *p*=0.004) with one FDR diagnosed with any cancers while and the OR increased to 2.89 (95% CI 1.75--4.78, *p\<*0.001) with more than two FDRs.Table 3Risks of first-degree relatives acquiring cancersVariablesCase Group\
N（%）Control Group\
N（%）OR\
（95%CI）*p*-valuesFDRs with any cancersNo491(67.6)505(78.1)Yes235(32.4)142(21.9)1.70 (1.34, 2.17)\<0.001Number of FDRs with any cancers0491(67.6)504(77.9)1.001173(23.8)121(18.7)1.47(1.13, 1.91)0.004≥262(8.5)22(3.4)2.89(1.75, 4.78)\<0.001FDRs with lung cancerNo640(88.2)614(94.9)Yes86(11.8)33(5.1)2.50(1.65, 3.79)\<0.001Number of FDRs with lung cancer0640(88.2)614(94.9)1.00174(10.2)32(4.9)2.22(1.44, 3.41)\<0.001≥212(1.7)1(0.2)11.51(1.49, 88.80)0.019[^3]

Lung cancer risks of the individual whose FDRs with lung cancers {#S0003-S2002}
----------------------------------------------------------------

Relatives with lung cancer in the case group were more than the control group (11.8% vs 5.1%, *p*\<0.001) and OR was 2.50 (95% CI, 1.65--3.79, *p*\<0.001) ([Table 3](#T0003){ref-type="table"}). The quantified correlation between risks of lung cancer and the number of relatives with lung cancer was significant. The lung cancer risk of the individual with one lung cancer patient in the FDRs was higher than the individual without lung cancer in the FDRs (OR 2.22, 95% CI, 1.44--3.41, *p\<*0.001). The OR was 11.51 if more than two FDRs were diagnosed with lung cancer (95%CI, 1.49--88.80, *p*=0.019).

Lung cancer risks of the individual whose FDRs with liver cancers {#S0003-S2003}
-----------------------------------------------------------------

Besides the lung cancer, risks related to family history of other specific cancer was described in [Table 4](#T0004){ref-type="table"}. Risks of lung cancer were higher than the control while the family history of liver cancer existed (OR 1.78, 95% CI 1.03--3.08, *p*=0.038). There was no difference in the risk of lung cancer between the two groups with the family history of colorectal cancer, esophageal cancer, nasopharyngeal cancer or breast cancer. (*p*=0.714, 0.146, 0.502 and 0.201, respectively).Table 4Risks of first-degree relatives developing different types of cancersCase Group\
N（%）Control Group\
N（%）OR\
（95%CI）*P*-valueLiver cancerNo687(94.63)627(96.91)Yes39(5.37)20(3.09)1.78(1.03, 3.08)0.038Colorectal cancerNo701(96.56)627(96.91)Yes25(3.44)20(3.09)1.12(0.61, 2.03)0.714Esophageal cancerNo698(96.14)631(97.53)Yes28(3.86)16(2.47)1.58(0.85, 2.95)0.146Nasopharyngeal cancerNo710(97.8)636(98.3)Yes16(2.2)11(1.7)1.30(0.6, 2.83)0.502Breast cancerNo715(98.48)642(99.23)Yes11(1.52)5(0.77)1.98(0.68, 5.72)0.201[^4]

Discussion {#S0004}
==========

The smoking status and occupational exposure have been proved to be the major risk factors of lung cancer, while they cannot entirely explain how lung cancer emerge and progress. Several studies from different sites reported the familial clustering of cancers[@CIT0010]--[@CIT0014] and indicated that cancer may bear a broad phenotype with shared genetic factors, but specific associations among different cancer sites remain unclear. It is necessary to explore genetic predisposition among families with histories of lung cancer or other malignancies.

Some population-based case-control studies reported that family history of lung cancer is one of the risk factors for individuals. The accuracy of these studies relied on the relationship degree of information provider to probands. Clinic-based studies were more reliable to avoid the over-report incidence of cancers and more accurate in reporting information on FDRs than population-based studies.[@CIT0015] This large-scale clinic-based case-control study among probands' FDRs showed that individuals exhibited higher risks of lung cancer if they had a family history of lung cancer (OR=2.50; 95% CI 1.65--3.79; *p*\<0.001) or liver cancer (OR=1.78; 95%CI 1.03--3.08, *p*=0.038) than the control group. The risk was especially remarkable among female and young probands, contributing more genetic susceptibility.

A familial correlation of liver cancer among FDRs predicts increasing risks of liver cancer with an addition of genetic variance functioning.[@CIT0016]--[@CIT0018] Adjusting for common confounding factors like hepatitis B virus infection and alcohol intake, the familial aggregation remains significant (cross ratio \[CR\]=2.94, 95% CI 1.59--5.45, *p*=0.001).[@CIT0017] Another recent study conducted in America[@CIT0016] showed that risks exhibited high with a family history of liver cancer (OR=4.1; 95%CI, 1.30--12.9) when potential confounding factors were controlled including age, gender, race, educational level, tobacco smoking, diabetes mellitus, alcohol consumption and HBV/HCV infection. Therefore, the genetic predisposition of liver cancer plays a crucial role in procedure of cancer incidence, which is as the same situation on the hereditary susceptibility of lung cancer. We cannot completely rule out the possibility of occasional founding, although it is intriguing to figure out that subjects in families with the cluster of liver cancer obtain greater risks of lung cancer. There are almost 383,000 patients dying from liver cancer per year in China,[@CIT0019] consisting of approximately 51% of deaths from liver cancer throughout the whole world.[@CIT0003] Considering lung cancer and liver cancer contribute large proportions to cancer burden globally especially in China, there are potential chances of overlapping prevalence between them. However, underlying occasional founding should impossibly account for all the co-existence of liver cancer and lung cancer clustering within families.

Our study showed that the risk of lung cancer (OR=3.06, 95% CI 1.69--5.54, *p\<*0.001) and liver cancer (OR=2.22, 95% CI 1.02--4.82, *p*=0.039) of female was higher than those of male probands (OR=1.88, 95% CI 1.02--3.45, *p=*0.041 and OR=1.37, 95% CI 0.61--3.11, *p*=0.445, respectively), which were consistent with published literatures.[@CIT0013],[@CIT0020]--[@CIT0022] However, there were studies illustrating that females with a family history of lung cancer in FDRs suffered from less elevated risks of lung cancer than male population.[@CIT0011],[@CIT0023] For instance, Lo et al[@CIT0023] reported that lung cancer risk of male and female subjects were similar. (OR=2.77, 95% CI 1.53--5.01 and OR=2.44, 95% CI 1.79--3.32, respectively). These studies were all population-based study and the sample size was not enough to illustrate substantial reasons with inevitably inflated false-negative rates.

We found early-onset cancer patients (\<50 years old) exhibited higher risks than late-onset ones whose FDRs with any cancer (OR 2.28 *vs* 1.56, respectively) or lung cancer (OR 3.28 *vs*.2.32, respectively) or liver cancer (OR, 9.24 *vs*.1.39, respectively) ([Table 5](#T0005){ref-type="table"}), consistent with several studies about lung cancer or liver cancer.[@CIT0024]--[@CIT0026] Some study[@CIT0027],[@CIT0028] discovered that most lung cancer occurred among population with predisposing genes and that lung cancer at an earlier age of onset to some extent greatly manifested consistence with Mendelian dominant inheritance of an allele. While there is no evidence supporting that early-onset liver cancer corresponds to the same phenomenon. Our study has appropriately proved that lung cancer patients at an early onset of diagnosis tend to demonstrate a familial susceptibility of liver cancer, which would appeal for further study to validate.Table 5Cancer risks of first-degree relatives stratified by Probands' ageAge\
(years)FDRs' History of CancerCase Group\
N（%）Control Group\
N（%）OR\
（95%CI）*P*-value\<50Any cancersNo97(67.83)130(82.8)Yes46(32.17)27(17.2)2.28 (1.33, 3.93)0.003Lung cancerNo124(86.71)150(95.54)Yes19(13.29)7(4.46)3.28 (1.34, 8.06)0.007Liver cancerNo135(94.41)156(99.36)Yes8(5.59)1(0.64)9.24 (1.14, 74.86)0.012≥50Any cancersNo394(67.58)375(76.53)Yes189(32.42)115(23.47)1.56 (1.19, 2.05)0.001Lung cancerNo516(88.51)464(94.69)Yes67(11.49)26(5.31)2.32 (1.45, 3.71)\<0.001Liver cancerNo552(94.68)471(96.12)Yes31(5.32)19(3.88)1.39 (0.78, 2.50)0.265[^5]

It is convinced that cancers are regarded to be associated with multiple phenotypes initiated by environmental factors, while individuals' susceptibility to cancers are determined by genetic characteristics. Therefore, phenomena of familial clustering of liver cancer with lung cancer can be explained by synergistic effects of shared genetic predisposition.

Several methodological advantages enhance the strength of evidences of our study. Clinic-ascertained sources could provide more accurate information on FDRs with lower false-negative and false-positive rates and the sample size of this study is large enough to provide comprehensive information. To minimize potential selective bias and recall bias, the same investigator was involved to collect data by using unified questionnaire.

However, there are several limitations with our research. The baseline characteristics including age, gender, smoking history, history of pulmonary diseases, and occupational exposure were not well balanced between the two groups. The imbalance may associate the other risk factors of lung cancer. Furthermore, individuals of control group with family history of esophageal, nasopharyngeal, and breast cancer were 16, 11, and 5. The sample size is not enough to compare the risk of lung cancer with family history of these cancers.

There are still some problems need to be solved. First, shared environmental factors are extremely related to liver cancer, such as intensity and duration of alcohol consumption and HBV/HCV infection, but were not taken into consideration. Exclusion of individuals with missing data might lead to conservative conclusions. The questionnaire was limited to most common types of solid tumors which might not completely include all malignancies, resulting in misleading conclusion of interpreting data. Finally, there were inherent limitations in accordance to our methods. Histories of malignant cancers among relatives were not verified neither in-person nor medically, resulting in underestimation of cancer risks.

Conclusion {#S0005}
==========

Present data from the study provide strong evidences that familial aggregation of lung cancer and liver cancer manifests higher risks of lung cancer, supporting the hypothesis that lung cancer and liver cancer are attributable to common familial predisposition. Current data are not enough to verify potential mechanisms, it functions as a reminder that further research and cautious interpretation are imperative and warranted.
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